Background: Hepatitis A virus (HAV) and hepatitis E virus (HEV) are transmitted by the fecal-oral route and are responsible for epidemic and sporadic outbreaks of acute hepatitis in low-income countries like Bangladesh. Objective: The purpose of this study was to describe the seroprevalence of acute hepatitis due to HAV and HEV infection in Bangladesh. Methods: The nationwide food-borne illness surveillance started in 2014 at 10 different hospitals which covered seven divisions of Bangladesh. Blood samples were collected from suspected acute hepatitis cases and screened for the anti-HAV IgM and anti-HEV IgM using enzyme-linked immunosorbent assay (ELISA). Participants' socioeconomic status, clinical, sanitation and food history were recorded. Multivariate logistic regression was performed to determine the risk factors associated with HAV and HEV infection. Findings: A total of 998 patients were enrolled and tested for both HAV and HEV. Among these, 19% (191/998) were identified as HAV positive and 10% (103/998) were HEV positive. The median age was 12 years and 25 years for HAV and HEV positive patients, respectively. The prevalence of HAV was higher among the females (24.9%), whereas HEV was higher among males (11.2%). The highest occurrence of HAV was observed among children while HEV was most prevalent in the 15-60 years age group (12.4%). Conclusion: Through our nationwide surveillance, it is evident that hepatitis A and hepatitis E infection is common in Bangladesh. These data will be useful towards planning preventive and control measures by strengthening the sanitation programs and vaccination strategies in Bangladesh.
hospitals, and the Bangladesh Institute of Tropical and Infectious Disease [BITID]) covering all major Divisions of Bangladesh.
Epidemiological and clinical investigation
The case definition included the discrete symptoms of nausea, anorexia, fever, malaise or abdominal pain, jaundice, and elevated serum aminotransferase levels/serum bilirubin. Trained field attendants and surveillance nurses identified patients (both inpatient and outpatient), according to the case definition from Medicine and Pediatrics Wards. Participants who met the case definition were enrolled after the clinical evaluation by the study physician, five days a week. Upon receiving consent, the physician collected the patient's sociodemographic characteristics, food history, medical history (including assessment of dehydration status), sanitation and hygiene, and requested a blood sample.
Specimen collection, storage, transportation and serological test
Five milliliters of blood from adults and 2 ml of blood from children were collected in red-top vacutainers by a trained medical technologist or nurse. For each blood sample, serum was separated, stored at -20°C at the sentinel sites, and later transported to IEDCR twice a week, maintaining the cold chain. HAV IgM and HEV IgM antibodies were detected by Enzyme-linked immunosorbent assay (ELISA) kits (DRG International, Inc., USA), according to manufacturer instructions.
The chi-square (χ 2 ) and Fisher's exact test (if cell frequency < 5) were used to ascertain the statistically significant associations among demographic factors of HAV and HEV infections. The logistic regression model was used to analyze the demographic risk factors. To estimate the crude odds ratio (cOR) with a 95% confidence interval (95% CI), a simple logistic regression model was used to distinguish the probable risk factors between positive and negative hepatitis (HAV and HEV) infections. The adjusted odds ratio (aOR) with 95% CI was calculated using a multiple logistic regression model; the exposure variables considered were age, gender, occupation and education. The two-tailed p-value, p < 0.10 and, p < 0.05 were considered for adjusted model selection and statistical significance, correspondingly. Statistical analyses were performed using Stata 13 software (Stata Corp. 2013. Stata Statistical Software: Release 13. College Station, TX: Stata Corp LP). The map was created using statistical programming software R version 3.5.0 (2018-04-23) with ggplot2 packages.
Results and Discussion
The study is a comprehensive hospital-based study in Bangladesh demonstrating the burden of enteric acute hepatitis due to HAV and HEV. During the period of May 2014 to December 2015, a total of 998 suspected hepatitis patients were enrolled and screened for the presence of anti-HAV and anti-HEV IgM. Among the tested, 19% were HAV seropositive and 10% were HEV seropositive, resulting in a total of a 29% burden of acute enteric hepatitis ( Table 1 ). The trend of higher HAV seropositivity compared to HEV remained consistent throughout the study period. Susceptibility towards HAV and HEV was observed to be higher from July to September in 2014 and May to July in 2015 (Figure 1) . For both infections, positive rates were higher among males (68%); 90% had anorexia, followed by nausea (80%), vomiting (58-60%), fever (75%) and abdominal pain (78%) ( Table 2) .
Among 998 patients, 191 (19%) were found to be anti-HAV IgM seropositive. However, other studies in Bangladesh show 20-74% with seropositive to anti-HAV among the study population [9, [18] [19] . Considering the spatial distribution, HAV in Bangladesh exhibited a marked spatial heterogeneity-seropositivity ranged from 2.6 to 40.3%. The highest numbers of HAV seropositive patients were identified in BITID, Chittagong (63.2%), followed by the district hospital in Patuakhali (39.4%). The most affected site identified was BITID, Chittagong (Figure 2a , Table 1 ). The underlying cause may be attributed to BITID being a well-known infectious disease hospital in that area; patients with complaints of infectious diseases such as hepatitis, febrile illness and diarrheal diseases are generally referred to this hospital. On the other hand, other surveillance sites are general district hospitals or medical college hospitals. The proportion of HAV was highest among children (<5 years) and young adults (6-14 years) ( Table 3) and logistic regression analysis showed that patients 6-14 years of age were 1.6 times more at risk (95% CI = 0.5, 5.2) than the other age categories. The people aged 15-60 years were four times more at risk (95% CI = 1.4, 13.1). Females were 1.8 (95% CI = 1.1, 2.8) times more likely at risk of developing HAV. Amongst different occupations, students were more at risk of HAV, followed by babies/children (~6 times: 95% CI = 1.4, 23.8), businessmen (~3 times: 95% CI = 1.0, 9.5) and service holders (~3 times: 95% CI = 1. 1, 9.4) , when compared to housewives or the unemployed. Participants who have completed at least secondary school education (SSC) were observed to be less affected by HAV compared to uneducated people ( Table 4 ).
The highest proportion of HEV positive patients (35.6%) were identified in Uttara Adhunik Medical College Hospital which is in Dhaka Division (Figure 2b) . The rates were also high in the district hospital in Naogaon in Rajshahi Division (29.9%) ( Table 1) . A previous study conducted among the apparently healthy population in Bangladesh has shown a 7.3% prevalence of anti-HEV IgM [20] . Another study from Pakistan reported a 17.5% prevalence of IgG to HEV in their population [21] .
In contrast to HAV, the proportion of HEV was highest among older adults (15-60 years) and low among children and young adults. Males were predominantly affected by HEV compared to females ( Table 3) . The findings are similar to other previous reports from Bangladesh [9, 15, [22] [23] [24] . Service holders were at least three times more at risk (95% CI = 1.1, 7.1) of developing HEV ( Table 4 ).
The study is the first nationwide surveillance data on HAV and HEV prevalence in Bangladesh. The strength of this surveillance was the collection of data considering a wide geographical and demographic distribution, with large sample size, covering all divisions of Bangladesh. There were several limitations in the study to be mentioned. This surveillance used data collected from sentinel sites, which represents only the most severe cases that had access to hospital care. Therefore, the findings may not represent the true disease burden in the community. Patients were not followed up after discharge; therefore, data on clinical consequences lacked in this study. Moreover, molecular techniques were not performed to confirm the etiology of the infection.
Conclusion
In summary, the nationwide surveillance showed evidence that infection with enteric hepatitis viruses is common in Bangladesh. The result of this surveillance will shed light on the disease burden in Bangladesh, and the evidence will be an important step towards the development of preventive and control strategies. Public health measures, through control and management of patients, will help to interrupt the transmission cycle, while proper medical management will help to reduce the development of the consequences of chronic liver disease. Moreover, expanded vaccination strategies for acute viral hepatitis and improved sanitation programs may be beneficial as preventive measures in this region, to ultimately reduce the disease burden.
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